Opioid users experience increased incidence of infection, which may be partially attributable to both direct opiate-immune interactions and conditioned immune responses. Previous studies have investigated the neural circuitry governing opioid conditioned immune responses, but work remains to elucidate the mechanisms mediating this effect. Our laboratory has previously shown that hippocampal IL-1 signaling, specifically, is required for the expression of heroin conditioned immunosuppression following learning. The current studies were designed to further characterize the role of hippocampal IL-1 in this phenomenon by manipulating IL-1 during learning. Experiment 1 tested whether hippocampal IL-1 is also required for the acquisition of heroin conditioned immunosuppression, while Experiment 2 tested whether hippocampal IL-1 is required for the expression of unconditioned heroin immunosuppression. We found that blocking IL-1 signaling in the dorsal hippocampus with IL-1RA during each conditioning session, but not on interspersed non-conditioning days, significantly attenuated the acquisition of heroin conditioned immunosuppression. Strikingly, we found that the same IL-1RA treatment did not alter unconditioned immunosuppression to a single dose of heroin. Thus, IL-1 signaling is not a critical component of the response to heroin but rather may play a role in the formation of the association between heroin and the context. Collectively, these studies suggest that IL-1 signaling, in addition to being involved in the expression of a heroin conditioned immune response, is also involved in the acquisition of this effect. Importantly, this effect is likely not due to blocking the response to the unconditioned stimulus since IL-1RA did not affect heroin's immunosuppressive effects.
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Introduction
Opioid users show an increased incidence of infections (Govitrapong et al., 1998; Louria et al., 1967; Risdahl et al., 1998) , the treatment of which imposes a large economic burden (Mark et al., 2001 ). These infections are not simply due to increased pathogen exposure from intravenous drug use, but may also be attributed to opiates' interaction with the immune system (Horsburgh et al., 1989; Simonovska et al., 2011; Vallejo et al., 2004) . Furthermore, while opioids on their own hinder the body's ability to respond to disease and infection, these immunosuppressive properties can become conditioned. Repeated presentations of immune modulators, like opioids, with predictive stimuli can result in Pavlovian conditioning of immune system function, allowing for these stimuli to later affect the immune system in the same way as the modulators themselves [for review (Schedlowski and Pacheco-Lopez, 2010) ]. Therefore, exposure to opioid-associated environments or stimuli might then lead to an exacerbation of immunological vulnerability in opioid users.
Conditioned immune responses have been demonstrated in rodent models using stimuli paired with distinct immunosuppressive agents such as cyclophosphamide (Ader, 1974; Ader and Cohen, 1975 ), cyclosporine A (Exton et al., 2001 , 1998a von Horsten et al., 1998) , foot shock stress (Lysle et al., 1988; Perez and Lysle, 1995) , cocaine (Kubera et al., 2008) , morphine (Coussons-Read et al., 1994a,b; Coussons et al., 1992; Luecken and Lysle, 1992) , and heroin (Lysle and Ijames, 2002; Szczytkowski et al., 2011; Szczytkowski and Lysle, 2007 , 2008 , 2010 . Heroin conditioned immune effects are of particular concern due to recent rises in heroin's use (United States. Substance Abuse and Mental Health Services Administration, 2014). The NIH attributes this rise to the near tripling of opioid prescriptions in order to treat pain in the last decade that may have led many to turn to heroin as a cheaper alternative to costly pain medication (United States. National Institute on Drug Abuse, 2014). With
